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w. *v- ^-,«t«n, to crow anaeroblcally on glycerol w> d 



«D oxidoreductase W«W> ^ V^rTrM .When cotf AGl/pTO was " w ""SET" 



Metabolic 

enginecrine . *• mS *S P ,fae ofp°^ tial 

biochemical pathways. « ^ food, and environ- 

taportance to the ^CSM the fourth 

mental mdusmes.Ma^W VW classica j fermentation, 
wave of Wotechnolow ^ "S, engineering, 
recombinant D NA^no^ a«. P Bailey( 2 } 
Recent pioBressm»ffE has wnre glycerol to 1,3- 

propanediol (1,3-PD) as a mw j pathway is 

relatively simple. ? 4 ^ jjm « dlol dehy- 
dratase f^f^f^^Src^ Jg= 
dratasc [Bt. ^z.i.aoj i features a more 

the 1,3-PD oxWoredacme requ^s NAun rfflindMBeil . 
regenerated by the 1 VTO paihvvay to Kleb- 

tal Information « a v^ bl * E „'i , l MD (also known as 
,telta pn e««o«fi« 24, 26); i jJWW gowadhte. e.g., 

oimethylene P^'l^SSXSSffn& 21.®. 
fa Uie synthesis of polymettane^anopov ^ 

relate to other 

pne umonioe ■ Sen is convened into 

the glycerol ^^^^Ho«E£n* Bu-^^ 
3-hy^xyptopionaldehyde bya coe »^ ropio ^ehyde 

dehydratase (22, 25, 28, 1>PD god* 

!^{Ei^rtSf^ the medium (8 , 
^The 1.3-PD pathway in K. pneumoniae is part of the A* 

~ * C6rtcspo^.Tifi author. 



reguloo. The A. regulon is ^ JSSSSS 
(DHA) in the absenceoF ^^"ous^ec sof ^ 
such as oxygen, fumaratt.or ni "»W- * \ t . pD prodllc . 
^ regulon that are ^^^ff^ SaD '-dependent 
tion convert glycerol to ( by ^^hyd^ace- 

tone phosphate by an ait h mcta bol zed to pro- 
exogenous eUeWn awepwrwe^ ^ fl 

S^cfSiSftS ^cerol and DHA by the trans- 
formed E* coii is then repone4- 

MATERIALS AND METHODS 

ss^fiSai^eSsBSK 

obtain ed from Boebr.^ ^ y<;ctor for the genonne 
n&polu, Ind.), was ™, ra from various sources- The 

library- Re ^™ tS^Hb^ed fSnPromega (Mad- 
S2^SfS3 f SnSSJS-b. phosphatase was 
obtained from Stratagcne. Ana erobic fermentations 
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medium (*e same asa 1 (he appropriate carbon 

liter and 2 mM MgSO, ■ J^SS S« I u£ of ampi- 
SoWtfs). All *««^JSiS?S c«Std- An^- 
c«ta pernd to- ^XtSw^d^e if sealed jar, under an 
flSSfi Anaerobic System; Becton 
D|ckiriSOn.5^y5ville, M^- Hm0 „ flle genomic 

Codstmtaoo of ^ no ™« f^ P ^"h the restriction 

enzyme 5<^3A tor »nwuu»«v inactivate the 

„„„. After i^SS^ATMA w wl* 400 ng of 
M ^ m^ 6 /*S tod befn toarteed by BumHI and 
cosnud pBTl-i wnicn n»u u alkaline phosphatase. 

dcphosphorylauaJ by ^™?^ 0 Sr7jgated DNA) was 
Lifted DNA (5 jd) C»J * rhlwed cacKagtng mix and 
mixed with 15 |J£*2geffiK CptctogedDNA 



and 10 mM MgSO,- ™"J?«^7absorb and to inject its 

SU ^^at^i^pVndent colonies was obtained. 

library with ''^ci genomic library was en- 

Isclrien of ^l^nMbyanaerobically 
riched for glycol- OTjpHA-ut^g cwn , 

g of glycerol ^ g °i ^ ^ latM c0ftt ain- 

15 6 ot agar "'r'' ^„ indicator was not necessary, but 
Jar On respect, * e ™^S° s r 0 ^ at easier). Single 

it ^^^ffff^SSd tor the ability to grow on 
colonies were picxea ana CA4Ul " 1 '; . , pn clone which 
glycerol plus DHA and to V^^ilSiSiw^m as 
produced ^^f CB ^j£^{ra™ 
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....a wpj^eted probes were synthesized from 
branes was used V^f^Sent of oTCl, using random 

J he WaSJlTSa? Blattner, Department of 
SnetS, SSS i Wstosin-Madison, and were ere- 
ateo by Koh3ra etal.(15). fermentation sam- 

Preparation d t ce« e*tracB. ^X^q, washed twice 
pies were centnfogedat 6.0W x« loru d to the 
£jth 20 mM TTis ^J£Jft,S£S?ttt» assayed. 

mM (NH^U* F™ n r ^ i ,2-PD was added to 
mM potassium phosphate <pH [*■»)■ t^. rl ; idaredlictast; 
stabmte the dehydratase 00). , UgJ 0 £?s^pe«sion 
glycerol dehydrogena^ - ^ mM^Sum 

buffer contained 50 mM gH*g«« were disrupted* 
P hos £ ffi'SSZ*^. Farmtagdale N V.). 

K^SnSltitt (Sigma^mical Co., St. 
^^nSisws. The glyoerol/diol dehydratase activity was 

fSr^ffStfed by method of Forage and 
oKidoreductase activity was determined by the 

DHA kinase activity was ^^^J^?**** 

^ ^,£S!i^ii^^«S^ index at 
SuJSwfl 5S«I were analyzed with a 

JUmture WC' detector, refractive index at 35^. 
^SE. oft and .^tttte. The coneetmuon of 
i ifte^mfennentation samples was measured With an 
l S analyzer (YeUow Springs Instrument 
rv, vSfow Snrings. Ohio). o-Lactate concemranon was 
SimS ^ftom me difference between the total lactate 
SneStton^ured by HPLC and the L-lactate value. 
W MeSSo^ 1,3-fD b, OC-MS. Sa^ples^ were 
pared for gas chron^ographlc-mass ******* 
analysis by the method of Sprenger et . tJL (2«. £• 
AGl/pTCl was incubated anaerobically at 37°C m 300 ml of 
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trated by vacuum e ^P° n ^°^^ y ^„ s sodium sulfate 

of methanol and centntugco in ^ supernatant 

GC was .done on a M£i ^ o filmthicknes* 

under the same conditions- 

BESULTS 



^PROPANEDIOL PRODUCTION BY A. COU 3543 
TABLE 1. Specific activUic* of tfw rcgulon enzymes* 



Enzyme 

Glycerol/diol dehydratase 
1,3-PD oxidoccductasc 
Glycerol dehydrogenase 
DHA kinase 



Glycerol 
+ CAA* 

~0.0016 
0.603 
11.23 
13.47 



Xylose 
+ CAA 

0.079 
0.434 



E. «rff AOl/pBTl-1 
(glycerol + YET 

ND 
ND 
0.424 
0.334 



(49), 30 0*), 29 (32), 28 IWi ; o i £ io/lMB 57 (95). 56 

300-mlanaerob.c flasks. The i oTglycerol and 
cordons) and also ^^^J^cw^lte 

likely from the enzyme tl of *e pnospn^» rc _ 
Sdent phosphotransferase spec.ee to DHA [pW re 



• Specif* activities in unit* l« «J^^- 
& qJ A) crteift amino ncld* ^ hydrolyEatc. 
c YE. yeast cxirw*- 
rf MP, not detectable. 

£Lrt»b flasks on a defined median, (modrfl «d me*um 
containine 2 g of glycerol per liter and 2 g of DHA router 
U shown h Fto. ^ •^^TdLSSeTrff yield of 
? 3°TObS» 3tt£-3wE efeol and DHA used 
0 37^UmolL Lactate and acetate were the dominant 
ET»™du C M and no ethanol or formate was formed. 
*wEn " " AGWTCl ^as grown on a complex medium 




in ia ° *** 

Time (h0 

«^ MlMeflnrf medium. O.D-. opnd density. 
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FIG. 
erol on 



16 

Tims flu) 

2 Timecourseof^^AGl/pTCltenncouuloaofg^ 
implex m=di«m. O.D., opueal dcn»ty. 



BO I . 

FIG. 3- ^ i^BiSBS'^lK 

ff/ndUWrnfl fragmftAt used in ihc Sxwmcm 7 

4 is indicated by asterisks.) 

^din-Pmfl fr^nt of pTCl ^^ e ^SS 
bands ia the <»*"™Sf cSTdNA, but no barf « 

DNA to plCl is from K. P /»«*moni«. 



of yeast extract j pe r liter), ^ hfeh than that on 
erol alone (F«. 2). The ^^^eTof 1,3*D from 
,he defined m<*»™°3 ^ t e production was tower on 
elycerol was ^^j^SS now the dominant by- 
the complex medium, witn ™™". ^ ^Lactate was the 
product and some ethanol ff™^^^ (0-04 g of 
dominant form of ^ff^SMSm per liter on the 
L-lactate P5*« r * om ^ l °£ f * Ecttte per liter from 0.67 e 
defined medmm ^.^f £ L JSK 
of total ^ t ^^p^^aW prXed from DHA 
To test Whether 1,3-FU coma " JL. TC1 on complex 

without ^! «J*i5 flifoj yr medim with 2 g of 
medium with only P« liter) in Hungate 

DHA per liter and 10 s> concentration of O.50 
tubes. 1 3-PD *^?fro S DiA 0.31 mol/moL 
gfliter; ±e yield "J^i^STCl. A partial restriction map 
Restriction ma P ° f ,<^"J!i in pie. 3 The size off the 
of the cosmid pTCI « |^ ^J; twoc opiesof the 

<^» h «PrT^BW^™ 2.1 fcb). TbU 
vector P BTI : 1 and two inserts ^ rf vector 

composition U prob^ly » re^U °f^em^^ OT rf 

DHA to inserted DNA "nt of the in vitro pack- 

cosmid and the tag " * e ^ of the 

aging system (at te&st « JT^fng.a.kb) insert, 
regulon are located on the ' ^ £- mB 

Southern hybridation. Bo* and />mll and 




nQ . 4. Southern hybridiauion of "^^SSSS 

containing r»/l ^/^CJffim^aPmn. Lanes: 1. *; 1^ 
samples were fW^.fl^f^Se DNA; J. 10 pg <* ptCli 
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DISCUSSION 



nasc, DHA ^"',^XubteSv ftom the dha rtgulon. The 
three enzymes are u ^"KhvXse activity since both 

± M ^t^Z ^JS^^^ present in K. 
^eerolo^hs^twe aiaawio^ ^ ^ conversion 

dehydratase. Droduce s 1>PD on defined medium 

ss^tst^ to ^ 

• ATfT 950,55 the source Of DNA lor Xtlis siuay, 
nroc ATCC utc ouu » f - , TO from rfycerol in 

^SPtEST result U somewhat surprising given the idrfler- 

tract)? we aennw ^. with both glycerol and 

support ^owthWMa ^tow^™^^ ^ then 

ostic effect of BlvceroI-3-phosphate gyn 
^^Jl KJ'SS effect by the 
Sft ^tt^phate. en inhibitor of 

Sterol Waase(33). &„ctose-X,Miphos- 
The inhibition of of the transformed 

E,c^onthe<»niplexroeammwi«.By d i{J 

glycerol kinase. AS we i of Au C tose-l,6-dipbos- 

yeast extract « c<msiinwd . the tevel 01 U~«ose- , ^ 

the complex medium with dha aione P™™ 1 / f usua i 

The byproduct d^mbuuon^vwyam^ X3lillio& 

ftlycerolandunA^rig. 4 * t ^_7L_ lft i e an d ethanol were 
Sen acetate and ^"f^ 0 ^ 0 ^) forrnTwas the 

&^S3ffiSS 32 P^ent Part Of this 
nvyor by-product ana e^au ^ ^ fte wmplcX 

STSiS 1XSS A formate hydros 



ivase activity to convert all the formate to CO* and Hj. In 

^ettSnoS a new biochemical pathway joa cell 
questions thatc^ only be ^sed 

eTOerimentally. For our system, one ^.^*™?Jl?f 
^uS l^OurWs* in Cloning aod «pr«su*the 
m^fitattlLoS) have shown thatinK, p»«mcm«* 

££A S is uSn^alfy permeable to glycerol and 

^cSLctu^oftheX -^r^yfSSSKK 
p t»Jf iT our first steo in the development of a model system 
£r UK S m wMprovide ttie opportunity to mves- 

substrate® such as sugars and starch. 
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